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A Parachute Telemetering System 


Electronic equipment provides the design data 


i 
A PARACHUTE TELEMETERING system recently 
developed by the National Bureau of Standards is 
facilitating tests of experimental parachutes for use 
with modern high-speed aircraft. Electronic equip- 
ment mounted inside a parachute-borne torso-shaped 
dummy transmits by radio needed information—alti- 
tude, and forces at various points—in coded form to 
a ground station, where the information is decoded. 
The system was developed for the Navy Bureau of 
Aeronautics by M. L. Greenough, C. C. Gordon, and 
associates of NBS. 
__ Military parachutes have been required in steadily 
‘increasing numbers in recent years for military avia- 
‘tion. Parachutes for emergency use must be of im- 
_proved design if they are to withstand the severe pull 
encountered upon opening after ejection from modern 
aircraft. Furthermore, the opening shock must not 
be so great as to injure the jumper. In addition to 
their usual function of enabling personnel to descend 
safely from disabled planes in emergencies, parachutes 
have now become an important tactical device for de- 
livering men and equipment. The development of safe 
parachutes to meet these various requirements calls for 
‘more complete knowledge of the strains produced in 
_parachute shrouds and canopy and of the forces acting 
‘on the jumper or load. This parachute development 
‘work is greatly aided by equipment for making remote 
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required for development of safe modern parachutes 


measurements on test-dropped dummy-carrying para- 
chutes. 

In the NBS parachute telemetering system, resistance 
strain gages are arranged to sense both altitude (pres- 
sure) and the tension in various harness straps. An 
inductive-commutator arrangement excites one strain 
gage at a time, the output of the gages being combined 
to modulate a small battery-powered radio transmitter. 
Seven measurement channels and a calibration channel 
are provided. At the ground station, a spot on the 
face of a cathode-ray tube moves up and down with 
the amplitude of the modulating signal. This spot is 
recorded on continuously moving photographic film. 
The film record is then transcribed, using a semiauto- 
matic film reader, to obtain plots of altitude versus time 
and harness tension versus time. 

The airborne part of the system is designed for rug- 
gedness, low cost, and medium accuracy. Ruggedness 
is necessary because the period of maximum shock, 
when the parachute is opening, is the period for which 
measurements are most important. Low cost is de- 
sirable because, with experimental parachutes, occa- 
sional losses of equipment are to be expected. Medium 
accuracy—of the order of 10 percent—is sufficient, 
since the phenomena being measured are not repro- 
ducible with high uniformity. 

The airborne transmitter operates on 217 megacycles 


and has an output of about 0.75 watt and a range of 


about 2 to 10 miles. Seven tubes are required for 
the entire airborne unit. The battery pack, which 
provides 7.2 volts at 1.0 ampere and 190 volts at 80 
milliamperes, is tailored for about 1 hour of service. 

The tensiometer which senses forces in the parachute 
harness is an H-shaped steel structure to which resist- 
ance-wire strain gages are cemented. Gage resistance 
is 1,500 ohms, and the maximum useful change with 
harness tension is about 7.5 ohms. The altimeter con- 
sists of an evacuated bellows which responds to changes 
in air pressure by deflecting a thin cantilever beam 
carrying resistance strain gages. As both the tensiom- 
eter and the altimeter are linear to better than 5 per- 
cent, point-by-point calibration is not needed. 

Modulation of the transmitter with the signal from 
one channel at a time is accomplished by means of a 
“coder” of novel design. The coder supplies a series 
of time-sequential pulses to eight resistance bridges— 
one for the altimeter, one for each of six tensiometers, 
and one fixed bridge for calibration. One hundred 
pulses per second are received at each bridge. 

The bridge-unbalance signals are first amplified and 
then converted to amplitude modulation of a 15-kilo- 
cycle subcarrier. This subcarrier in turn frequency- 
modulates the 217 megacycle transmitter by means of a 
reactance-tube modulator. A flexible transmitting an- 
tenna projects from the top of the dummy that houses 
all of the electronic equipment. 

The ground-station receiver gives an output that is 
identical to the amplitude-modulated 15-kilocycle sub- 
carrier in the airborne unit. Demodulator and filter 
circuits convert this output signal to a waveform identi- 
cal to the original bridge-unbalance signals. This sig- 
nal is applied to a cathode-ray oscilloscope and photo- 
graphed on moving 16-millimeter film. The output of 
the ground station is thus a continuous film record of 
the eight original signals. 

To make this record useful, it must be converted to 
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Left: Airborne unit of the 
NBS __parachute-telemetering 
system is housed in a torso- 
shaped dummy to which the 
test parachute is attached. 
Right: Ground station con- 
sists of a 217-megacycle FM 
receiver (bottom), 16-milli- 
meter oscillograph camera 
(center), and subcarrier de- 
modulator and monitoring 
oscilloscope (top). The out- 
put of the ground station is 
a continuous film record of 
sequentially sampled unbal- 
ance signals from eight re- 
sistance bridges in the air- 
borne unit. 


individual curves showing altitude and the various | 
harness tensions against a common time scale. — This | 
otherwise time-consuming conversion is expedited by | 
a specially designed film reader." Using this device | 
the operator adjusts potentiometer-connected mechani- 

: 


cal tips to coincide with the signal peaks of the pro- | 
jected film image. When the tips have been so ad- 
justed for one scan of eight channels, the seven in- | 
formation channels are automatically recorded on a’ 
strip chart. The recorder chart is advanced auto- 
matically, and the entire procedure is then repeated | 
until all information of interest has been transcribed. | 
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* For a somewhat fuller description of the film reader, 
see Film Reader for Telemetered Information, VBS Tech- 
nical News Bulletin 36, 50 (April 1952). | 

Reference: A parachute telemetering system, M. L. 
Greenough and C. C. Gordon, Electronics, 27, No. 4 
(June 1954). 
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: lastic Films 


Pp LASTIC FILMS are being used in ever increasing 
| quantities in such fields as packaging, protective 
coatings, electrical insulation, upholstery, and home 
decoration. Information on specific properties of these 
films is badly needed by purchasing agencies for use 
in preparing specifications and in procuring the par- 
ticular films needed. Technical development groups 
also require information on properties to aid in se- 
lecting films for specific applications. However, data 
of this kind are often not available; and in many cases 
where such data are available, they are not comparable 
from one manufacturer to another or from material 
to material because they were obtained by different 
methods, equipment, and techniques. 
_ To provide comparative information, M. C. Slone 
and F. W. Reinhart of the Bureau have been conducting 
_a general investigation of the physical and permanence 
properties of plastic films. Thus far, measurements 
have been completed on tensile properties, folding en- 
durance, tear strength, water absorption, water-vapor 
permeability, low-temperature impact strength, change 
‘in linear dimensions with time, specific gravity, and 
flammability. Burst strength and resistance to accele- 
rated weathering are still being investigated. 

The Bureau’s studies have been based on 168 samples 
of plastic film which were received from 27 manu- 
facturers. These samples represent the following 13 
types of films: cellophane, cellulose acetate, cellulose 
acetate butyrate, cellulose triacetate, ethyl cellulose, 
polyethylene, polystyrene, polyester, saran, polyvinyl 
alcohol, polyvinyl chloride (including copolymers), 
polyvinyl chloride-saran laminate, and polymethyl 
methacrylate. The specimens were taken from each 
sample according to a randomized statistical pattern 
designed to give each test a representative distribution 
over a large area of the sample. The specimens were 
prepared from film free of creases, wrinkles, foreign 
matter, or other flaws. Before testing they were con- 
ditioned for at least 48 hours at 23° C and 50 percent 
relative humidity. 

The tensile strength and elongation at break were 
determined by two commonly used procedures—a sta- 
tic-weighing constant-jaw separation method and a 
_pendulum-weighing constant-lower jaw motion method. 

The results indicate that the values of these properties 
as determined by one method are not the same as those 
determined by the other. 

_ Three different procedures were employed in meas- 
uring tear strength. In two of these a notched speci- 

“men was used in a static-weighing constant-jaw sepa- 
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The tensile strength of a strip of plastic film is measured 


at NBS on a pendulum-type testing machine. The film 
strip is suspended betwen two jaws at upper right. The 
motor (lower left) gradually brings the lower jaw down- 
ward, and the. tension thus transmitted through the 
specimen to the upper jaw causes the pendulum to 
swing out. The applied tension is indicated on the 
upper curved scale while the lower scale shows the 
stretch in the specimen. 


ration machine and in a pendulum-weighing motion 
machine with constant lower jaw. In the third an 
Elmendorf Tear Tester was used. As with the tensile 
properties, the data from these three tests show that 
resuls are not comparable from method to method. In 
the first of the two tear test methods, the results are 
expressed as pounds to tear per inch of thickness. Thus 
the values obtained for similar samples of different 
thickness might be expected to be in close agreement. 
However, the data show that the tear strengh as thus 
expressed is not independent of film thickness but in- 
creases with increasing film thickness. 

The folding endurance of all of the types of films was 
measured with an MIT Folding Endurance Tester while 
a tensile load of one kilogram was applied to the speci- 
men. ‘The results indicate that the test is applicable 
only to the relatively stiffer films such as cellulose ace- 
tate. In thicknesses of over 2 mils these materials gen- 
erally failed in less than 1,000 folds. On the other 
hand, the more flexible materials, such as saran, poly- 
vinyl chloride, and polyethylene, were able to withstand 
over 10,000 folds without failure. Erratic behavior 
was observed in several samples whose tensile strength 
is such that the 1-kg load approached the breaking load. 

The results of several of the tests, such as water 
vapor permeability, change in linear dimensions, and 
flammability, indicate the wide range of characteristics 
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often available in one type of film. For example, some 
vinyl films are noninflammable while others burn at 
a rate of 1.5 inches per second; and the water-vapor 
permeability rate of one cellophane may be 100 times 
that of another. 

From the Bureau’s studies, it is evident that (1) the 
type of test employed in obtaining the data must be 
considered in comparing films and that (2) one film 
can be considered superior to another only on the basis 
of its suitability for a particular use. For example, 
one application may require a film with a high tensile 
elongation, whereas for another application a film with 
a low tensile elongation would be more satisfactory. 
To select the proper film, the known properties of 
plastic films should be considered in relation to the 
design requirements of the application and the service 
conditions to be met. 


For further technical details, see Properties of plastic 


films, by Murray C. Slone and Frank W. Reinhart, Mod- 
ern Plastics (June 1954). 


Properties of 


TaBLE 1. Water vapor permeability of plastic films 
Nipmaiver Permeability constant# 
Material of . 
samples Average Range¢ 

Cellophane: 

INONMOISHURE DLO Olsens 2 2. 04 1.42 to 2.65 

Intermediate-moistureproof_______- 1 123: |S ee 

Moisture prOOlns=s= === 5a eee 6 . 18 01to .73 
Cellulose: acetates =. 22) = = ae wee 11 6.18 1.44 to 8.78 
Cellulose acetate butyrate_-_----------- 2 5. 51 4.53 to 6.48 
Cellulose triacetate --_------------------ 4 5. 61 4.77 to 6.01 
Bthyliceliulostaess 22 se2 oso 2 13. 35 | 12.54 to 14.15 
Polyethylemes Soa." " S252 saan ee eee 10 . 06 04 to  .08 
Polystyrene2 2200. ee eee 3 62 50 to .70 
Polyesters= = =i 2 ee eee 2 10 -08: to: aii 
Saran eae | eee cee eee 3 . 02 Ol to .03 
Eola LEN OOK ee 1 lO Lee. a 
Polyvinyl chloridessssse. ===. == = 11 . 92 .30 to 2.01 
Vinyl chloride-saran laminate_________- 1 04422) 33 ee 
Polymethyl methacrylate__--_______-_- 1 2.03.|£ 302 oo een 


«Expressed as grams transmitted in 24 hours by an area of 1 m? through a | 


film 1-mm thick and with a pressure differential of 1 em of mercury. 
bThree specimens were tested for each sample. 


eIndividual values are results for a sample and not individual specimens. | 
d4Calculated using over-all sample thickness. 


the thickness of the saran film alone. 


The value is 0.01 based on | 


Selected Optical Glasses 


fl (ive BUREAU recently completed a coordinated 
study of the physical properties of five selected 
optical glasses, obtaining comparative data on refrac- 
tive indices, spectral transmissive properties, densities, 
and thermal expansivities for each of the materials 
studied. The resulting charts and tables are expected 
to be of considerable utility in optical glass technology 
and research because they provide so great a variety 
of data on each specific glass. Ordinarily these prop- 
erties are not all measured on the same glass. In view 


NBS study of optical glasses included refractive index 
measurements far into the infrared. Here an infrared 
spectrometer is being used to determine the index of re- 
fraction of a specimen of optical glass mounted on the 
rotating table at left. 


of the recent interest in image forming systems utiliz- 
ing infrared radiations, the measurements of index of 
refraction and transmittance have been extended con- 
siderably beyond the spectral range for which optical 
glass is generally catalogued. 

The five groups of samples (table 1) were each se- 
lected from a typical melt of the types of optical glass 
produced and annealed in the Bureau’s experimental 
glass plant. Indices of refraction were measured over 
the entire spectral range for which the glasses can be 
used in the construction of optical components; and 
the indices were represented by a dispersion equation. 

Four spectrophotometers were utilized in measuring 
spectral and internal transmittance for the range 200 
to 1,000 millimicrons. Densities were determined by 
the method of hydrostatic weighings with distilled 
water as the immersing liquid. Coefficients of linear 
thermal expansion were measured by a strain gage 
method during three cycles of heating and coolin 
through the range from room temperature to 60° C. 


34. 


TABLE 1. 


opens 


Refractive indices and trans- 


mittances of the five selected optical glasses 


Index of 

Glass refraction 
AS ee Soe ee ee 1. 517 
fo peee es oe = see See te 1. 573 
CL ae eS ae 1. 621 
1) a eee et Be I 1. 649 
je en See We ae es a 1. 673 


Transmit- 
tance 


Aww aD 
2 oo 
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For further technical details, see J. Research NBS 52, 
6 (June 1954) : Refractive indices of five selected optical 
glasses, by R. E, Stephens and W. S. Rodney; Spectral 
transmissive properties of five selected optical glasses, 
by H. J. Keegan, Marion A. Balknap, and Dorothy J. 
Cordrey: Densities of five selected optical glasses, by 
Charles T. Collett; Thermal expansions of five selected 
optical glasses, by Peter Hidnert. 
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A Cathode 
| Emission 
Tracer 


A CATHODE EMISSION TRACER developed by 
L. A. Marzetta of NBS provides a rapid, conven- 
ient method for measuring and evaluating the per- 
formance of thermionic cathodes. The new instrument 
automatically produces a calibrated plot of the emission 
characteristics of the cathode of a diode on the screen 
‘of a cathode-ray oscilloscope. A ““24-power network” 
‘is incorporated into the system and may be used at 
‘the option of the operator for linearizing the plot. 
Negligible heat is contributed to the diode under test 
since the tube is subjected to only a 10- or 100-micro- 
second pulse at rates of either 5 or 30 cps. Provision 
is made for instantaneous plate currents as high as 10 
amperes or for plate voltage up to 5,000 volts, although 
ics limiting values are not available simultaneously. 
_ Past methods of obtaining emission data have usu- 
ally been based on two alternative procedures. In 
one system, a continuous current is applied to the test 
diode at selected amplitudes. This system has the dis- 
advantage of requiring a water-cooled anode because 
of the large steady-state power dissipation. In the sec- 
ond method, current is applied intermittently in short 
rectangular pulses. Unless operated at a low duty cycle, 
however, the rectangular pulse system contributes heat- 
‘ing to the diode which interferes with planned aging 
of the tube. Moreover, the abrupt rise in current may 
produce a sparking effect and anomalous current den- 
sity readings. In both the continuous-current and in- 
termittent-current methods, emission curves are ob- 
tained by manually varying the tube current and voltage 
and then plotting the values on 24-power graph paper 
to linearize the portion of the characteristic curve that 
‘is governed by the Langmuir-Childs law. 

The instrument developed by the Bureau scans the 
tube characteristic curve with a brief saw-tooth voltage 
wave applied to the diode at a low repetition rate. At 
the discretion of the operator, the saw-tooth voltage 
wave can be either 10 or 100 microseconds long, and 
the repetition rate can be either 5 or 30 cps. “Single- 
shot” operation is available as well. Since the duty 
factor is low, the diode need dissipate only the negligi- 
ble amount of heat that is contributed by emission 
‘current. Furthermore, the gradual voltage rise elimi- 
nates most of the sparking. 

_ Two parallel-connected power triodes (type 304TH’s) 
are connected in series with the test diode. The high 
transconductance of this type of tube permits large 
changes of plate current for moderate grid swings be- 
low zero bias. The grids of the control triodes are 
raised from cutoff to zero bias with a saw-tooth signal, 
resulting in a saw-tooth pulse through the test diode. 
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Cathode emission tracer developed at the Bureau. 


This signal is also applied to the horizontal amplifier 
of the oscilloscope, and the voltage across the tube 
appears on the vertical amplifier. The composition of 
the signals produces the desired emission characteristic. 

The saw-tooth voltage originates in a repetitive multi- 
vibrator or a single-shot multivibrator, depending on 
the time duration and rate desired. The output of the 
multivibrator is applied to a condenser-charging circuit 
and generates the saw-tooth wave which is amplified to 
a level that is sufficient to raise the grids of the 304TH’s 
from cutoff to zero bias. A type-6V6 tube satisfies the 
driving requirements, since the grids are not driven 
into the positive grid current region. 

The instrument also provides a round-dot calibrate 
marker whose position can be manually controlled. 
The current and voltage signals from the test diode to 
the oscilloscope alternate with rectangular calibration 
pulses. The amplitudes of these pulses are manually 
controlled and together produce a round-dot calibration 
marker on the screen. ‘Two meters on the instrument 
panel monitor the vertical and horizontal positions of 
the marker and indicate the diode voltage and current 
at any point on the trace representing the tube charac- 
teristic. 

Another convenient feature of the NBS cathode emis- 
sion tracer is a special network capable of linearizing 
a tube characteristic in which the plate current varies 
as the three-halves power of the plate voltage. Ex- 
cursion from the linearized function, because of current 
saturation, becomes more evident when this feature is 
used, and it eliminates the manual plotting of points 
on 24-power graph paper. The special network uses 
a series of germanium diodes, each biased to a dif- 
ferent voltage level. As the instantaneous input volt- 
age increases, successively more diodes become con- 
ductive. The linearizing action is achieved through 
the resulting variation in impedance. 


References: Oxide coated base metal studies, R. For- 
man and G. F. Rouse, NBS J. Research 46, 30 (1951) ; 
High power square pulse generator, W. E. Williams, Jr., 
Electronics (October 1952) ; Pulsed properties of oxide 
cathodes, Coomes, J. Applied Physics, 17, 646 (1946). 

For further technical details, see A high power pulser 
aids cathode studies, L. A. Marzetta (NBS), Electronics, 
27, 3, 178 (March 1954). 
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A potassium dihydrogen 
phosphate hygrometer 
element is inserted in a 
radiosonde. 


a IMPROVED ELECTRIC HYGROMETER of 
high sensitivity and extremely rapid response has 
been designed and constructed by Arnold Wexler, Al- 
bert Krinsky, and associates of the NBS mechanical 
instruments laboratory. Like some previous hygrom- 
eters, the device depends on the change in electrical 
resistance of a salt film with the change in the humid- 
ity of the surrounding air. Performance studies indi- 
cate that the improved instrument will be particularly 
well suited to aerological work. This development is 
the result of work in humidity research being carried 
out as a part of a program in aerological instruments 
sponsored at NBS by the Aerology Branch of the Navy’s 
Bureau of Aeronautics. Further work on the improved 
instrument is now under way. 

Development of the improved hygrometer was under- 
taken because of the pressing need in meteorological 
science for more accurate humidity data on the upper 
air. The hygrometer now employed in radiosonde 
flights consists of a flat strip of polystyrene having 
sputtered tin electrodes on the two long edges and 
coated with an electrolytic film of aqueous lithium 
chloride dissolved in a plastic binder. One of the 
basic limitations of this type of hygrometer is its rela- 
tively slow speed of response, particularly at low tem- 
peratures. A radiosonde flight may reach 80,000 feet, 
and the greater portion of the ascent will be at low tem- 
peratures. At the rate of balloon ascent now em- 
ployed—1,000 feet per minute—and the even greater 
rates that are contemplated, slow response in the hu- 
midity element introduces an uncertainty in the inter- 
pretation of the data. It is expected that the more 
rapid response of the Bureau’s improved hygrometer 
will make possible increased accuracy and reliability 
in aerological measurements. 
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A Rapid-Response 


In preliminary experiments at the Bureau it was 
found that the response limitations of the lithium chlo. 
ride hygrometer are principally due to the relatively 
long time required for the water vapor in the air tc 
diffuse into or out of the plastic binder and to thereby 
change the concentration of the lithium chloride solu. 
tion. An effort was therefore made to develop an elec: 
tric hygrometer which would depend on the physical 
adsorption of water vapor on a film surface rather than 
the slower process of absorption within the film layer 
Experiments with various types of materials eventually 
led to a rapid-response hygrometer consisting of an| 
extremely thin film of a salt, such as potassium dihy- 
drogen phosphate, evaporated under vacuum on a spe: 
cially treated flat strip of glass or other insulating ma. 
terial. Water vapor is rapidly adsorbed on the surface 
of the film and reaches its equilibrium concentration 
very quickly. An electronic circuit measures the re. 


A group of rapid-response hygrometer elements i} 
hygrometer element consists of a thin conductive } 
under vacuum on an insulating base. 
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_ sistance of the film, providing a continuous record of 
- humidity. 
Thus far, experimental studies of the rapid-response 
_ instrument have been concerned primarily with the 
_ size and material of the insulating blanks, the treatment 
of the uncoated blanks, the configuration and spacing 
_ of the electrodes, the thickness of the deposited salt Mobs i ant 
| film, and the chemical nature of the salt. Two base 
materials have been studied; glass and polystyrene 


Graph comparing the speed of response of the potassium 
dihydrogen phosphate hygrometer element with the 


; sheet. To remove any free alkali which might possibly lithium chloride element now used in radiosonde flights. 
_ contaminate the salt film, the glass has usually been The comparison is for a change in relative humidity 
_ treated by washing with detergent and water, rinsing in (with respect to ice) from 83.3 to 100 percent. 


_ benzol, and leaching in nitric acid at 80° C for one 
_ hour. The polystyrene is treated by washing with soap 
_ and water and rinsing in benzol. 

Several variations of the basic design have been con- 
structed. One type ane shows considerable prom- 
ise uses glass blanks 3 X 1144 X 149 inches in size. After 


the surface has been leached and cleaned, silver elec- 
trodes 14¢-inch wide are sprayed onto the long edges 
and the glass blanks are then fired. The blanks are 
annealed during the firing operation. They are then 
cleaned once more and are placed in a vacuum cham- 
ber, where potassium dihydrogen phosphate is depos- 
ited on one surface by evaporation. The thin film 
thus formed adheres tenaciously to the glass. 

The logarithm of the resistance of the film is essen- 
tially a linear function of relative humidity. The range 
of resistance extends over six decades, decreasing With 
increasing relative humidity; at very low humidities 
the resistance is of the order of 10° ohms. The prob- 
lem presented by the generally high resistance of the 
film was solved by the design of an electrometer tube 
circuit which subjects the hygrometer to a maximum 
current loading of 100 microamperes. The output of 
this circuit, which may either be read on a meter or 
fed into a recorder, varies linearly with the logarithm 
of the input resistance. The net result is that an out- 
put approximately linear with relative humidity is 
obtained. 

On this hygrometer, a 63-percent change in indica- 
tion, caused by a sudden change in relative humidity, 
takes place in less than 14 second at room temperature 
and in about 10 seconds at —20° C. In comparison 
with the standard hygrometer element in current use, 
this represents a 24-fold increase in speed of response 
at room temperature and a 13-fold increase at — 20° C. 

Investigation of the performance characteristics of 
the Bureau’s hygrometer is continuing. ‘The effects of 
such factors as temperature, polarization, exposure to 
high humidity, and aging are being determined. Other 
materials are also being Givesieatcd to determine their 
suitability as hygrometer elements. 


amidity test chamber for calibration. The improved 
im dihydrogen phosphate, or similar salt, evaporated 
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| INITIAL COMPRESSION 
FOR TYPE OBI-\4 
ACCELEROMETERS 
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RESPONSE 


COMPRESSIVE FORCE, Ib 


Curve for typical NBS—33-14 Accelerometer, showing 
variation of sensitivity as a function of compressive force 
applied to the crystal stack by means of the screw plug 
in the top of the accelerometer. Linearity characteristics 
may be inferred from this curve by assuming that the 
effect on sensitivity of the dynamic force due to accelera- 
tion is the same as the effects of the static compressive 
force. 


A Wide-Range Baritum-Titanate 
Accelerometer 


XCEPTIONALLY wide frequency and accelera- 
tion ranges have been combined in a barium tita- 
nate accelerometer designed and constructed by T. A. 
Perls and C. W. Kissinger of NBS. Known as the 
NBS-33-14 Accelerometer, the device combines small 
size and low mass, uniformity of response, good shield- 
ing, very low cable noise, small transverse response, 
and other desirable characteristics. In connection 
with performance tests on this accelerometer, several 
experimental techniques have been developed or im- 
proved, particularly methods for determination of 
transverse response and for obtaining accurate cali- 
brations at high levels of acceleration. 

As a result of the widespread availability of barium 
titanate, a great many types of piezoelectric accelerom- 
eters using crystals of this material have been built 
over the past few years in industrial and Government 
laboratories. In general, such accelerometers meet 
requirements for lightweight, inexpensive transducers 
capable of measuring high-frequency vibrations. How- 
ever, many of those that have been developed do not 
have the necessary characteristics for certain uses. In 
an effort to improve the characteristics of these devices, 
the National Bureau of Standards is conducting a 
number of investigations of barium titanate accelerom- 
eters as part of a program of basic instrumentation 
sponsored at NBS by the Office of Naval Research, the 
Air Research and Development Command, and the 
Atomic Energy Commission. Designed to meet the 
exacting requirements of a specialized military appli- 
cation, the NBS—33-14 Accelerometer has a range of 
*+50,000 g and a natural frequency of 90,000 cycles 
per second. 

The typical barium titanate accelerometer consists 
of a ceramic disk placed between a suitable base and 
a block of metal used for mass-loading the disk. Within 
a certain frequency range, any acceleration imparted 
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to the base causes a piezoelectric charge to appear on 
the flat surfaces of the disk; and if electrical connec- 
tions are made to these surfaces, the signal obtained 
is proportional to the acceleration imparted to the base. 

In the NBS—33-14, Accelerometer, two ceramic disks 
are used, separated by a brass disk which acts both as 
a spacer and as a central, insulated electrode. This 
type of construction increases the piezoelectric charge 
and also has several structural advantages over the 
single-disk arrangement. A heavy-walled Dural cup 
surrounding the disks prevents resonance effects at 
other than very high frequencies. The cup also pro- 
vides effective shielding against unwanted fields and 
thus results in a very low noise-level—an important 
consideration at acceleration values where the accelero- 
meter output is quite small. 

The base of the Dural cup is solid and is threaded 
to form a stud which is screwed into the test object. 
Within the upper hollow portion of the cup are (pro- 
gressing from the bottom upward) the crystal “stack”, 
the loading mass, and a screw plug to precompress the 
crystals and to close off the top of the cavity. The 
crystal stack consists of the two crystals, the brass 
spacer, and an additional brass disk on the underside 
of the lower crystal. The entire stack is glued together 
and is held centered by the lower brass disk, which fits 
into a recess machined into the bottom of the cavity. 
In comparison with the other components, the threads 
holding the screw plug act as a weak spring, allowing 
the loading mass to vary its pressure on the piezoelec- 
tric disks when the test surface is accelerated. 

The brass spacer serves as the “hot” electrode for 
both crystals while the ground electrode is the acceler- 
ometer body itself. This arrangement makes unneces- 
sary the use of additional insulating materials within 
the accelerometer, which might introduce extraneous 


effects. A length of NBS low-noise cable used with 
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the accelerometer aids in reducing the random noise. 

The entire installation exclusive of the cable, weighs 
only 0.27 ounce, is 0.78 inch high, and has a maximum 
diameter of 0.58 inch. The ceramic crystals are 0.175 
inch in diameter and 0.020 inch thick. They are made 
of a mixture of 96 percent barium titanate and 4. per- 
cent lead titanate. 

A major source of error in barium titanate acceler- 
ometers is transverse response, that is, response to accel- 
erations in directions other than that for which the 
instrument is designed. Thus, the accelerometer is 
considered to have a longitudinal axis along which it is 
designed to respond to acceleration, and any accelera- 
tion not in this direction will have a component lying 
in a plane perpendicular to the longitudinal axis. The 
transverse response of the accelerometer may then be 
expressed as a ratio in which the numerator is the out- 
put of the accelerometer when subjected to an acceler- 
ation in the transverse plane and the denominator is 
the output of the accelerometer when subjected to the 
same acceleration along the longitudinal axis. 

In the Bureau’s studies of the NBS—33-14 Acceler- 
ometer, it was found that the magnitude of the trans- 
verse response varied with the direction, in the trans- 
verse plane, along which the transverse acceleration was 
applied. This variation was shown to be sinusoidal as 
the direction of the applied transverse acceleration was 
rotated through 360° in the transverse plane. It was 
also found that the magnitude of the transverse re- 
sponse and the orientation at which the transverse re- 
sponse is a maximum depends on the piezoelectric char- 
acteristics of the individual barium titanate disks, and 
on the nature and extent of asymmetries in the acceler- 
ometer structure. 

Several features of design keep the maximum trans- 
verse response of the NBS—33-14 Accelerometer to less 
than 15 percent of the longitudinal response. These 
include the special assembly scheme which keeps the 
crystals centered, the rigid thick-walled construction, a 
very heavy mounting stud, special mounting schemes, 
and a special mounting wrench. The thick-walled con- 
struction made negligible the asymmetrical loading due 
to the cable and allowed the introduction of a clamping 
screw to prevent the inner conductor from pulling on 
the center electrode. Also the body of the accelerom- 
eter was given a hexagonal shape to allow the use of a 
socket wrench designed to distribute the strains pro- 
duced in mounting the instrument against the test sur- 
faces. Tests on several models having mounting studs 
of different sizes showed that the mounting stud must 
be almost as large in diameter as the accelerometer 
body if excessive mounting strains are to be avoided. 


Cross section of the NBS—33-—14 Accelerometer, a piezo- 
electric device designed by NBS for applications re- 
quiring broad frequency and acceleration ranges: lI, 
Serew plug; 2, loading mass; 3 and 4, brass disks; 5, 
barium titanate crystals; 6, Dural cup which forms 
accelerometer body; 7, set screw for low-noise cable; 
8 and 9, mounting shims; 10, cable shim; 11, mounting 
spacer. 
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Mounting schemes 


Two alternative mounting schemes were devised to 
minimize asymmetric strains which might exist when 
the accelerometer is tight in the mounting hole. In the 
first method, a conical plug and spacers are placed in 
the bottom of the drilled and tapped hole so that the 
bottom of the mounting stud seats against the spacers. 
This tends to confine mounting strains to the stud, leav- 
ing the upper, more sensitive portion of the accelerom- 
eter body relatively unstressed. 

When the accelerometer is mounted in a very thin 
surface, or when for any other reason it is not feasible 
for it to seat against the bottom of the mounting 
hole, an alternative method of mounting is used. 
Portions of the shoulder at the bottom of the accelerom- 
eter body and above the mounting stud are milled off, 
leaving three mounting “feet” 0.020 inch high and ex- 
tending 14¢ inch on either side of alternate corners of 
the hexagonal stock from which the accelerometer body 
ismade. The accelerometer is screwed into the mount- 
ing hole until these feet seat against the test surface. 
This three-point support reduces asymmetrical strains 
when the surface is not perfectly plane. It also allows 
a relatively symmetrical distribution of mounting 
strains when the surface is not entirely square with re- 
spect to the tapped mounting hole. When stress is 
applied, one of the feet tends to yield, allowing nearly 
equal forces to be exerted on the other two. However, 
since this method does not permit orientation of the ac- 
celerometer with respect to known transverse motions, 
the first method of mounting is preferred in most cases. 

The voltage sensitivity of the NBS—33-14 Accelerom- 
eter is about 0.7 millivolt per gravity at the end of 
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its 3-foot cable. However, the NBS studies showed 
that the sensitivity depends on which of the two mount- 
ing methods is used. The sensitivity is always lower 
when the accelerometer is mounted with its mounting 
feet against the test surface. 


Performance studies 


The useful acceleration range of a barium titanate 
accelerometer is determined both by the maximum 
stresses to which the crystals may be subjected with- 
out breaking or yielding and by the initial stresses 
which are put into the accelerometer assembly. In the 
NBS-33-14 Accelerometer the former determine the 
range of observable “positive accelerations” (1. €., ac- 
celerations directed along the axis of the mounting 
stud and toward the body of the accelerometer), while 
the latter determine the range of negative accelerations 
which can be followed without relieving all initial 
stresses on the crystal. In order to make possible an 
accurate determination of the compressive force ac- 
tually applied to the crystal stack during assembly of 
the NBS—33-14 Accelerometer, a special torque screw- 
driver was used, and the torque readings were corre- 
lated with the compressive forces. It was found that 
the sensitivity of barium titanate accelerometers varies 
considerably with the compressive force used in as- 
sembly, and there are some indications that the linear- 
ity characteristics vary with the manufacturing process 
used in making the barium titanate disks. The NBS 
studies showed that these accelerometers can be ex- 
pected to have a linear range of +50,000 g provided 
the initial compression is set 130 pounds above the 
point at which the accelerometers become linear. 

Tests in the laboratory have so far been conducted 
only up to accelerations of 12,000 g, and there has been 
no indication of change in sensitivity or other damage 
due to this treatment. Preliminary field tests with the 
accelerometers have shown that they could withstand 
accelerations of the order of 150,000 g without perma- 
nent damage. 

The response of the accelerometer to an acceleration 
applied at right angles to its longitudinal axis was com- 
pared both in magnitude and phase with the output for 
the same acceleration applied along the longitudinal 
axis. This was done by using a dual-beam oscilloscope 
in which one beam was actuated by the test accelerom- 
eter and the other by a reference accelerometer. The 
transverse acceleration was applied successively from 
a total of six directions, all in a plane perpendicular to 
the longitudinal axis. Transverse response was found 
to be less than 15 percent of longitudinal response, in 
any direction. 

The accelerometer was caused to vibrate at its nat- 
ural frequency by shock excitation, obtained by strik- 
ing repetitive blows on the bottom of the mounting stud 
in a direction along the longitudinal axis of the ac- 
celerometer. The accelerometer was suspended by the 
cable as a pendulum, and the stud was struck with a 
metal block mounted on an electrodynamic shaker. 
Direct connection to an oscilloscope permitted observa- 
tion of the electrical output of the damped oscillations 
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which were shock-excited in this manner. The fre- 
quency of the oscillations was determined by compari- 
son with the output of a test oscillator, displaying at 
the same sweep speed. The accuracy of this method 
is estimated to be +3 percent. 

With a natural frequency of 90,000 eps and relatively 
low damping, a spring-mass system such as the NBS- 
33-14 Accelerometer should theoretically show an es- 
sentially flat frequency response as frequency is in- 
creased until resonance magnification effects occur. In 
experiments on frequency response conducted at the 
Navy’s David Taylor Model Basin, the accelerometer’s 
response was shown to be flat within experimental error 
to 10,000 cps, the highest frequency tested. 


High-g calibration 


A ballistic-pendulum method, with an electrical RC 
integrator, was developed for calibrating the accelerom- 
eter at high levels of acceleration. This method is ap- 
plicable to all cases where an accurately known velocity 
change can be produced. However, because of the re- 
quirements of the integrator, it is, in general, necessary 
that the velocity change be of rather short duration. 
In this procedure, a ballistic pendulum consisting of 
the accelerometer to be calibrated is suspended at least 
partially by its own low-noise cable. The accelerom- 
eter is dropped from a known height, h,, impinges on 
a heavy steel block, and bounces back to a height hs, 
which is also measured. The change in velocity at 
impact, Av, is then given by 


Av= J 2gh,+ V2gho. 


The output of the accelerometer goes through an inte- 
erator of known characteristics, so that a record pro- 
portional to velocity is obtained from the output of the 
integrator. The accelerometer sensitivity, S, in volts 
per gram, is then calculated from the relation: 


980 Vo 
S= k,Av 


where Vo is the measured output voltage of the inte- 
grator, Av is the velocity change in centimeter per sec- 
ond, and k;, is the “integrator constant”, defined as the 
product of voltage gain of the integrator by angular 
frequency. In order to determine at what peak level of 
acceleration this sensitivity was obtained, it is also ne- 
cessary to observe the acceleration pulse. Use of this 
method with the NBS—33-—14 Accelerometer has yielded 
reliable calibrations at accelerations of the order of 
9,000 g, and approximate calibrations up to about 
12,000 g. 

Research on the design and calibration of barium 
titanate accelerometers is continuing at NBS. Experi- 
mental models having good high-frequency response 
and broad acceleration ranges are being developed to 
meet the requirements of specific applications. Addi- 
tional work on methods of calibration at high accelera- 
tions is being planned. 
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ASTM to Publish Directory of Commercial and 
College Laboratories 


T HE Directory of Commercial and College Labora- 
tories, hitherto compiled and published by the 
NBS, will be published in the future by the American 
Society for Testing Materials, according to a recent 
agreement between the two organizations. First pub- 
lished in 1927, the Directory has been periodically 
revised. It provides interested persons with informa- 
tion concerning the location of testing laboratories to- 
gether with the types of commodities and the nature of 
the investigations the laboratories are prepared to 
undertake. 

ASTM is now gathering data for the revised edition 
of the Directory. Every known testing laboratory will 
be requested to furnish information about its testing 
activities. Efforts will be made to reach laboratories 
not now listed through appropriate notices in the tech- 
nical and business press. 


The Directory is designed to be of assistance to the 
large number of purchasers who are not equipped to 
make their own acceptance tests and therefore have 
hesitated to buy on specifications. The knowledge 
that they can, at any time, call upon testing labora- 
tories to check deliveries made to them on specifications 
should induce many purchasers to take full advantage 
of the specification method of buying. It will also be 
of value to small manufacturers and others who are 
seeking testing laboratory services in the evaluation of 
raw materials and finished products. 

Until the revised ASTM Directory is completed, the 
present Directory, National Bureau of Standards Mis- 
cellaneous Publication M187, published in 1947, will 
continue to be available from the Superintendent of 
Documents, Government Printing Office, Washington 
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Hazards of Dental Radiography 


A new film on the hazards of dental X-rays, produced 

by the NBS and the Council on Dental Research 
of the American Dental Association, has recently been 
released. It is a technical film available on loan or 
sale to groups having a specific interest in dentistry or 
radiography. 

The film illustrates the elementary physics concerned 
with dental radiography and, by showing actual radio- 
graphic procedures in the dental office, points out the 
radiation hazards involved in the use of X-radiation 


by the dentist. Recommendations are made which will 
assure the dentist following them that all personnel in 
and adjacent to his office will not be subjected to dan- 
gerous levels of radiation. The recommendations are 
based upon those outlined in National Bureau of 
Standards Handbook 41. The film is in 16 mm, sound 
and color, and runs 13 minutes. 

For information on availability of this film, write to 
the Office of Scientific Publications, National Bureau 
of Standards, Washington 25, D. C. 
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PERIODICALS 


Journal of Research of the National Bureau of Standards, vol- 
ume 52, number 5, May 1954 (RP2493 to RP2500 incl.). 
Annual subscription $5.50, 

Technical News Bulletin, volume 38, number 5, May 1954, 10 
cents. Annual subscription $1. 

CRPL-117. Basic Radio Propagation Predictions for August 
1954. Three months in advance. Issued May 1954. 10 
cents. Annual subscription $1, 


RESEARCH PAPERS 


Reprints from Journal of Research, volume 52, number 5, May 
1954, 70 cents. Single copies of Research Papers are not avail- 
able for sale. The Superintendent of Documents, U. S. Gov- 
ernment Printing Office, Washington 25, D. C., will reprint 
100 or more copies, and request for the purchase price should 
be mailed promptly to that office. 

RP2493. A cryoscopic study of the solubility of uranium in 
liquid sodium at 97.8° C. Thomas B. Douglas. 

RP2494. Multirange, audiofrequency thermocouple instru- 
ments of high accuracy. F. L. Hermach and E. S. Williams. 

RP2495. Fatigue notch sensitivity of some aluminum alloys. 
J. A. Bennett and J. G. Weinberg. 

RP2496. Compressibilities of crystalline and glassy modifica- 
tions of selenium and glucose. Charles E. Weir. 

RP2497. A typical pH response of some nonsilicate glasses. 
Herman F. Shermer, Gerald F. Rynders, Given W. Cleek, and 
Donald Hubbard. aA, 

RP2498. A numerical solution of Schrodinger’s equation in 
the continuum. W. Futterman, E. Osborne, and David S. 
Saxon. 
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RP2499. Electrical measurements in the selection of bolt ma- 
terials for service underground. W. J. Schwerdtfeger. 

RP2500. Heat capacity of gaseous perfluoropropane. Joseph 
F. Masi, Howard W. Flieger, Jr., and John S. Wicklund. 


CIRCULARS 


C527. Electron Physics. Proceedings of the NBS Semicen- 
tennial Symposium on Electron Physics, held at the NBS on 
November 5-7, 1951. $2.75. 

C546. Effective Radio Ground-Conductivity Measurements in 
the United States. R.S. Kirby, J. C. Harman, F. M. Capps, 
and R. N. Jones. 65 cents. 


Pusxications IN OTHER JOURNALS 


Motion of the storm-D region. Vaughn Agy. Nature (Mac- 
millan & Co. Ltd., St. Martin’s Street, London WC2, England) 
173, No. 4401, 445 (Mar. 6, 1954). 

Combined translational and relaxational dispersion of sound in 
gases. Martin Greenspan. J. Acoust. Soc. Amer. (57 East 
ae a New York 22, N. Y.) 26, No. 1, 70 (January 
1954). 

Thermal degradation of polystyrene and polyethylene. S. L. 
Madorsky. J. Polymer Sci. (250 Fifth Avenue, New York 
1, N. Y.) 13, No. 68, 185 (February 1954). 

Recent trends in glass analysis. Francis W. Glaze. Am. 
Ceram. Soc. Bull. (2525 North High Street, Columbus 2, 
Ohio) 33, No. 2, 45 (February 1954). 

The drying twist in plant fibers. Sanford B. Newman and Helen 
F,. Riddell. Textile Research J. (10 East 40th Street, New 
York 16, N. Y.) 24, No. 2, 113 (February 1954). 
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NBS Publications (continued) 


Temperature measurements in the Mooney viscometer. George 
E. Decker and Robert D. Stiehler. ASTM Bulletin (1916 
Race Street, Philadelphia 3, Pa.) Bulletin No. 195, (TP7) 
(January 1954). 

Note on the adjustment of Mooney viscometer die closure. 
George E. Decker. ASTM Bulletin (1916 Race Street, Phil- 
adelphia 3, Pa.) Bulletin No. 195, (TP13) (January 1954). 

High-power pulser aids cathode studies. Louis A. Marzetta. 
Electronics. (330 West 42d Street, New York 36, N. Y.) 27, 
No. 3, 178 (March 1954). 

Electron microscopy. Max Swerdlow. Anal. Chem. (1155 16th 
Street NW., Washington 6, D. C.) 26, No. 1, 34 (January 
1954). 

Building and using dielectric amplifiers. Abraham Silverstein. 
Electronics. (330 West 42d Street, New York 36, N. Y.) 
27, No. 2, 150 (February 1954). 

Nucleonics. Charles L. Gordon. Anal. Chem. (1155 16th 
Street NW., Washington 6, D. C.) 26, 176 (January 1954). 

A comparison of amplitude and angle modulation for narrow- 
band communication of binary-coded messages in fluctuation 
noise. G. Franklin Montgomery. Proc. IRE. (1 East 79th 
Street, New York 21, N. Y.) 42, No. 2, 447 (February 1954). 

A Stokes-parameter technique for the treatment of polarization 
in quantum mechanics. U. Fano. Phys. Rev. (57 East 55th 
Street, New York 22, N. Y.) 93, No 1, 121 (January 1954). 

Multiple scattering of relativistic electrons. L. V. Spencer and 
C. H. Blanchard. Phys. Rev. (57 East 55th Street, New York 
22, N. Y.) 93, No. 1, 114 (January 1954). 

Inelastic collisions and the Moliere theory of multiple scatter- 
ing. U. Fano. Phys. Rev. (57 East 55th Street, New York 
22, N. Y.) 93, No. 1, 117 (January 1954). 

Subharmonic crystal oscillators. Moody O. Thompson, Jr., 
Carroll E. Tschiegg, and Martin Greenspan. Rev. Sci. Instr, 
(57 East 55th Street, New York 22, N. Y.) 25, No. 1, 8 
January 1954). 
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Publications for which a price is indicated are avail- 
able only from the Superintendent of Documents, U. S. 
Government Printing Office, Washington 25, D. C. (for- 
eign postage, one-third additional). Reprints from out- 
side journals are not available from the National Bureau 
of Standards but can often be obtained from the 
publishers. 


PATENTS 


(The following U. S. Patents have been granted to NBS 
inventors.) 


No. 2,666,512. Jan. 19, 1954. Crystal controlled clutch. 
Ernest O. Codier. Assigned to the United States of America 
as represented by the Secretary of the Army. See NBS 
Tech. News Bull. 35, 125 (September 1951). 

No. 2,666,800. Jan. 19, 1954. Method and device for inter- 
connecting battery cells. Dagfin S. Hoynes. Licensed to 
the United States of America as represented by the Secre- 
tary of the Navy. No published references. 

No. 2,667,237. Jan. 26, 1954. Magnetic fluid shock absorber. 
Jacob Rabinow. Licensed to the United States of America 
as represented by the Secretary of the Army. See NBS Tech. 
News Bull. 33, 74 (June 1949). 

No. 2,668,933. Feb. 9, 1954. Miniature electron tube stage 
assembly. Gustave Shapiro. Assigned to the United States 
of America as represented by the Secretary of the Navy. 
See Proc. IRE 38, 10 (1950). 

No. 2,669,699. Feb. 16, 1954. Multipoint temperature com- 
pensation for tuners. Gustave Shapiro. Assigned to the 
United States of America as represented by the Secretary of 
the Navy. See NBS Circular 545 (in press); also NBS 
Tech. News Bull. 35, 68 (May 1951). 

No. 2,671,882. March 9, 1954. Alternator. Chester H. Page. 
Assigned to the United States of America as represented by 
the Secretary of the Navy. See J. Research NBS 37, 1 (July 
1946); also Am. J. Phys. 15, 95 (March-April 1947). 
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